1 Exponential of the phase operator .
where | S, m is the simultaneous eigenstate of S 2 and S z operators, with eigenvalues S(S + 1) and m, respectively. 1 We can write the permutation transformations as U f 2 = E and U f 3 = E † with S = 1. Similarly, we have U f 5 = EΘ and U f 6 = E † Θ, where Θ is the complex conjugation operator. Now, | ψ 1 is eigenstate of E and E † with eigenvalues exp(−i2π/3) and exp(i2π/3), respectively. Therefore, the operations U f 1 , U f 2 , and U f 3 , leave | ψ 1 invariant, up to a phase. A similar argument holds for U f 4 , U f 5 , and U f 6 when they act on | ψ 4 .
Spin Operators
A qutrit can be interpreted as half-way between one and two qubits. This interpretation can be made more concrete as follows. For a spin-1 system, squares of components of spin operator commute. For example, let us consider S 2
x and S 2 y resemble the computational basis of two qubits. However, due to the constraint S 2
x + S 2 y + S 2 z = 2, allowed states are | 01 , | 10 , and | 11 with | 00 missing. Spin operators provide an alternative interpretation of the algorithm. After the application of U f k , the qutrit is known to be either in state | ψ 1 or in state | ψ 4 . Let us consider the Hermitian operator M =| ψ 4 ψ 4 | − | ψ 1 ψ 1 |. Possible states | ψ 1 and | ψ 4 are eigenstates of M with eigenvalues -1 and 1, respectively. We can write M, in terms of spin operators, as
Therefore, if the qutrit enters a medium just after the U f k gate, so that the Hamiltonian operator is M, an energy measurement will give the information about the parity of f k directly.
Results of the tomography for all operators
In Figs. 1 and 2 
